@) U.S. Department of Energy
Bioenergy Technologies Office

Fucls & Engincs 2019 Project Peer Review

l‘.‘

1§/
g/

Bio-Blendstock Fuel
Property
Characterization

Co-Optima Review Session
March 7, 2019

Gina Fioroni

National Renewable Energy

Laboratory better fuels | better vehicles | sooner

EEEEEEEEEEEE

Energy Efficiency &
Renewable Energy

This presentation does not contain any proprietary, confidential, or otherwise restricted information



Co-Optima: Focused on OQutcomes to Improve
the Bio-Blendstock Value Proposition

®

Goal/Outcomes:

Fuel properties that optimize
engine performance

Fuel-engine combinations that

maximize engine efficiency

while meeting all requirements,

Including emissions

Bio-blendstock options for
market actors to define how
best to implement

Assessment of barriers to and

benefits of adoption of new
blendstocks and engines

STRUCTURE PROPERTY
RELATIONSHIPS

BIOBLENDSTOCK
DISCOVERY,

EVALUATION,
AND IMPACTS

BLENDSTOCK
GENERATION

I — I
I
FUEL PROPERTY
CHARACTERIZATION

ANALYSIS

Co-Optima researchers identify blendstocks derived from biomass providing
critical fuel properties and assess benefits of and barriers to adoption.



Quad Chart Overview
Fuel Property Characterization

Barrers Addressed

« Start: FY2016 * ADO-E. Co-Development of Fuels

« Merit Review Cycle: FY2019-2021 & Engines

+ Review Cycle: 12% complete » AUD. Identifying New Market
Opportunities for Bioenergy and

Bioproducts

I - .
Total -Fr’cl);ined Obj eCt'Ve

FY 17 FY 18 Funding

E:Jedg\e(tl7 Budget  Budget  (FY 19- Advance underlying science needed to
Project develop biomass-derived fuel and engine
SUCREIDN  technologies that will work in tandem to
o achieve significant efficiency, environmental,
Funded $10,380 and economic goals.

End of Project Goal

Provide critical fuel property data to inform
blendstock discovery and predictive model
development. Fill in data gaps for tiered
screening to identify most promising
candidates for multiple combustion modes.

Partner labs for work in this presentation:

Los Alamos National Laboratory (LANL)
National Renewable Energy Laboratory (NREL)
Oak Ridge National Laboratory (ORNL)

Pacific Northwest National Laboratory (PNNL)
Sandia National Laboratories (SNL)



1 — Project Overview @
How Fuel Property Characterization Fits within Co-Optima Q

Co-Optima Presentations Today This presentation will detail efforts in:

Fuel Property Characterization

« Development and population of fuel
property database
« Measurement of key fuel properties

N

BIOBLENDSTOCK ~ / » Tiered-screening approach to identify
EVALUATION, molecules with desirable properties
AND IMPACTS )

« Compatibility and toxicology
assessment of blendstocks
» Reveal underlying physical chemistry
for non-linear blending effects
SRR « Mechanistic understanding of soot
precursor formation

Linked Team Effort within Co-Optima

RIGOROUS BLENDSTOCK GENERATE ESTABLISH INFORM
SCREENING EVALUATION INSIGHT BIO PATHWAYS ANALYSES .
® Measurement of critical
@ i ® g . .
‘@ - fuel properties informs
. ; . Generate Key Data Prowde . . .
— Measure Properties pejlelop Moc{el; Conduct Improved Data mu Itl p I e te ams Wlth in

Viable Candidates Populate Database Correlate Properties = i for LCA, TEA

to Molecular Retrosynthetic - b .

Structure Analyses nalyses C O - O ptl m a




2 — Approach (Management): Fuel Properties Team

®

Fuel Property Characterization Supports Co-Optima Mission

» Reveal critical fuel properties and target
ranges to guide blendstock generation

» Measure blending effects

» Populate fuel property database

» Tiered-screening approach
» Merit function/merit table evaluation

« Compatibility and toxicology
Fuel Property Characterization

Inform “Top 10” Bioblendstocks for Boosted Sl

Olefins

Alcohols

~._-OH
ethanol

BLENDSTOCK

ANALYSIS

—0OH
methanol

o

isopropanol

~~-OH

GENERATION

S 0H

/k/ \/L/U"
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fusel alcohol blend

RON = Research octane number ; § = Sensitivity
(5 = RON - MON) ; HOV = heat of vaporization

Ongoing Support for MCCI Tiered Screening

Tier 1 Screening for MCCI

| Flashpoint |

| ‘Boiling point | Heating Value

0
A

| Cetane Number | Freeze Point

Tier 2 Screening for MCCI

L FEome

STRUCTURE PROPERTY
RELATIONSHIPS

« Supply data to support
structure property analysis

MCCI =
Support blendstock discovery and predictive model development

mixing-controlled compression ignition

and evaluation efforts by experimental exploration and validation.



2 — Approach (Management): Fuel Properties Team
Highly Coordinated Effort Between BETO and VTO Offices

Focus of Today’s Presentation

Bioenergy Technologies Office

iiNREL
L] |
=%
NATIONAL RENEWABLE ENERGY LABORATORY

o

Pacific Northwest
NATIONAL LABORATORY

» Los Alamos
NATIONAL LABORATORY
EEEEEEEE

%OAK RIDGE

National Laboratory

(BETO) Tasks

Bob McCormick, Gina Fioroni,
Tom Foust, Seonah Kim, Jon
Burton, Teresa Alleman

Evgueni Polikarpov,
Dan Gaspar

Andrew Sutton

Mike Kass

®

Vehicle Technologies Office

Pacific Northwest

Lawrence Livermore
Hatianal Labaratory

@ Sandia
National
Laboratories

Argon neo

llllllllllllll 13

%OAK RIDGE

National Laboratory

(VTO) Tasks

Bob McCormick, Gina
Fioroni, Matt Ratcliff,
Brad Zigler, Seonah Kim

Evgueni Polikarpov,
Tim Bays

Bill Pitz

Magnus Sjoberg, Craig Taatjes,
Scott Skeen

Chris Kolodziej,
Scott Goldsborough

Jim Szybist, Josh Pihl,
Derek Splitter

Highly experienced team knowledgeable in fuel property characterization.



Communication and Coordination Essential to Success

2 - Approach (Management) ()

Co-Optima regularly scheduled meetings

AED/FP ®
TK
HPF
ASSERT T T T T
Week1 || | = Week2 | = Week3 | i  Week4 ||.
COLT - :
COLT/XLT ;
COLT/DOE
Stakeholder/all hands call : Q:
FP member FP holds FP team member
participates on joint call with  participates on HPF
HPF lightning AED team “Deep Dive”
round call
AED = advanced engine HPF = high performance fuels team XLT = extended leadership team
development team ASSERT = analysis of sustainability, DOE = U.S. Department of Energy
FP = fuel properties team  supply, economics, risk, and trade
TK = toolkit team COLT = Co-Optima leadership team

Efforts integrated within fuel properties team and broader Co-Optima team.



2 — Approach (Technical) @
Fuel Property Evaluation: Data to Support Decision Making

Blendstock Fuel Property Characterization

A
l \
Rigorous Blendstock Generate Establish Inform
Screening Evaluation Insight Bio Pathways Analyses

Rapidly identify Measure Develop Target properties Provide
viable candidates properties blending models to generate improved data
Populate Correlate key data for LCII“Mr TEA
database properties Conduct analyses
to molecular retrosynthetic —
- structure ana |yses - o
LCA
& &) I =
03 $0.30
U e e
j S s so0¢ s
E ,.,M/I 1 /:'31-- } 50z s
LCA = life cycle analysis, TEA = techno-economic analysis

Implemented technically sound research and development

(R&D) approach to rapidly identify viable candidates.



2 — Approach (Technical)

Engine R&D Determines Critical Fuel Properties

BSI Merit Function

Octane Index (Knock)  Charge Cooling

A A
4 N S 3
Octane Heat of
RON Sensitivity Vaporization
Merit
. = <f[RON) | +| P f(K S |+ « f(HOV
(efﬁuency) a e f( ) e f(K,S) v e f( )
+ | e«f(LFS) [+ | Tef(PMI) [+ | M *f(T.o0c0n,)
Flame Speed PM Emissions  Catalyst Light-off
Temp (cold start)
\ ) N J
Y Y
Burn Rate/ Emissions Penalties

Dilution Tolerance

@Q@
&
Tier Criteria u%&w‘ko
Cetane | I ............
LtHv vurkg) | [ HE EEEEEEE
Flash Pr°c) | [ I EEEEEEEEEEN
Melting Pt (°C) | [ Il EEEEEEEEEEN
Water Sol {mg/L) | I [l HEEEE EEEEER
¥si L] HEE EEEEEER

Exceeds Meets
Criteria Criteria

Barriers
Exist

Boosted spark ignition (BSI) merit function and mixing-controlled

compression ignition (MCCI) merit table approach to rapidly

identify most promising candidates to meet targets.
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2 — Approach (Technical)

Critical Success Factors, Challenges, and Key Activities

®

Rapidly discover
promising blendstocks
through tiered-screening
approach for multiple
combustion modes

Apply merit
function/merit table
approach to identify

high-potential
blendstocks

Encompass a wide
range of potential
blendstocks
representing several
chemical families

Procure and access
blendstocks that are in
early development
stages

Leverage blendstock
generation efforts to
expand viable
candidates

Continue to provide
data to Co-Optima
teams to fill gaps for
most promising
candidate identification

v
v

Pa

Project activities designed to address barriers to success.

-!-il__/!_;l—



3 — Progress

Development and Population of Fuel Property Database

» Developed a fully searchable database %/ \
with fuel property candidates supplied h L Co—bptimization of Fuels &
from multiple labs and researchers Engines (Co-Optima) Project
» Used extensively for BSI and MCCI _— \ \~

candidate screening

« Database updated on a regular basis as
new data is received from researchers

« Continue to utilize for future screening

https://fuelsdb.nrel.gov/fmi/webd#FuelEngineCoOptimization

Lab Pls: Fioroni and McCormick, NREL

Impact: Database accessed a total of 8,165
times in the last three years. Results of BSI and 2016 626 385
MCCI screening resulted in two publications 2017 1753 1401
and “Top 10 Bio-blendstocks Report” (in 2018 2119 1881
preparation).



https://fuelsdb.nrel.gov/fmi/webd#FuelEngineCoOptimization

3 — Progress

Characterization of Multi-Oxygenate Fuel Blends for Multimode

Q

ldentify multi-component bio-oxygenate blendstocks
with properties well-suited for multi-mode operation
targeting high:

« Volatility

» Research octane number (RON)

« Octane and phi sensitivity

1 Q isa-notans
@ e
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~ Phi Sensitivity (Norm. 0.4)
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Lab PI: Foust, NREL

Impact: Leverage predictive tools in conjunction with direct experimental

measurements to identify strong multi-mode fuel candidates.



3 - Progress @
Boosted SI: Measurement of Key Fuel Properties — Blends ( )

102
» Applied merit function to candidate list of 40 e Ethanol RBOB

100 === 1-Propancl

molecules identified in FY16 and FY17

* Performed blending studies in commercial
blendstock for oxygenate blending (BOB)

* Identified and reported on 10 most promising

=@ -Propanol
—a— FButanol
96 —a— Diisobutylene

e Allky | Furan Mix

98

—g— Cyclopentanone

Research Octane Number
g

candidates
90
28
Alcohols Olefins a6
OH 1] 5 10 15 20 25 30 35
~ )\/ /\)\ A Volume Percent
7
ethanol OH HO - 102
isobutanol prenol di-isobutylene ==& Ethanol CBOB
—on o |
urans 2 —#— i-Propanol
methanol 0 'E 93
R 5 —#— i-Butanol
)\ ~"0OH \)\/OH \U/ < 95  —e— Diisobutylene
R=H, -CHs = e Alky | FUran Mix
_ OH /L/OH furan mixture o 94 —a— Cyclopentanone
isopropanol O\/\ /]\/\ o open
o SN <etones IR '
_~_-OH 0 3 g9
fusel alcohol blend g f
n-propanol = oo
cyclopentanone
86
Lab PlIs: Fioroni and McCormick, NREL 0 > Y olome Percent = 2 ®

Impact: All candidates selected as promising blendstocks demonstrated

synergistic blending—four functional groups represented.



3 - Progress

MCCI: Tiered Screening/Measurement of Key Fuel Properties

65

Tier 1 Screening for MCCI 1| —e—2-nonanol (40)
\ P, - || - = -renewable diesel (80)
\;:ﬂf*;v T = 07~ || —e—butylcyclohexane (50)
e e
X 0 1| —e—undecane (71)
Tier 2 Screening for MCCI . || ——biodiesel - soy (52)
llﬁ[ g || —e—hexyhexanoate (40)
TEEEE s | i
E 1| --e--dibutoxymethane (70)
c | —=—4-butoxyheptane (80)
E || —e—dipentyl ether (111)
. : L 50 -
* Finalized fuel properties with input from 2
HPF and AED teams N N . g
* Preliminary Tier | and Il screening applied 15 |
to database 1
 Identified 12 promising candidates:
— Pure component and blend properties: 0w+
oxidation stability, cetane number, 0 10 20 30
. . . . Volume Percent
lubricity, viscosity, conductivity,...
— Solubility parameter theory
assessment of materials compatibility Lab PIs: Fioroni and McCormick, NREL

Impact: Identification and assessment of several promising candidates well

Underway. Publication of screening results at SAE World Congress in 2019.



3 — Progress
MCCI: Tiered-Screening Approach

Esters
i HE‘C\\/\/\-./O\n/‘\/\/':H3

Biodiesel 6}

(fatty acid methyl esters) Hexyl Hexanoate

Alcohol 0
HOWC“a HZC/\/\/\/\)J\O/CHB
CH, Methyl Decanoate
2-Nonanol

Cycloalkane

CH3 CH3 CH3
O/\/\CHS CHE N0 N0 "G, /J\/\)\/\)\/ma
H3C
Butylcyclohexane Dibutoxymethane 2,6,10-Trimethyl Dodecane
NN
L E S T S A
5-Ethyl-4-Propylnonane
n-Undecane 4-Butoxyheptane Y Y
\l/\/\/\/\/\/\/\
Fbc\/\\/\ /\/\/CH3 >L/j\/~\)<
g Renewable Diesel
Dipentyl Ether (mixed isoparaffins)

Impact: Preliminary list of 12 promising MCCI candidates spanning

multiple functional groups identified



3 - Progress

Boosted SI/MCCI: Toxicology Assessment

Goal: Assess blendstocks for toxicity and environmental fate.

» Toxicity, environmental partitioning, biodegradability, fate, and transport indicators
 Literature review summarizing critical indicators for promising BSI blendstocks

« Quantitative structure-activity relationship prediction for MCCI blendstocks

« Scenario is environmental release between plant gate and consumer consumption

Di-isobutylene in Default
: : . Suspended Level |
Compound Air % Soil % Water % Sediment % P Wersion 3.00 teGEND
Sediment % Eiag EQUILIBRIUM
Air Aerosals —
Ethanol 33.2 | 00290 | 668 Trace Trace e ), amEmis
n-Propanol 2.36 0.154 97.5 Trace Trace 7 eaEee
Isopropanol 6.83 0.0925 93.1 0.00206 Trace Soil
263 kg e
Isobutanol 19.5 0.408 80.1 0.00907 Trace e
Cyclopentanone 73.7 0.0404 26.2 Trace Trace
Diisobutylene 99.7 0.263 0.00838 0.00585 Trace Sediment Fisn
’ iR, G
2-Methylfuran 97.6 0.141 2.25 0.00313 Trace TotalMass = 1.00E +05 ka [5.85E 03 %) [1.43E-05 %)
2.5 665 | 4.46 29.0 0.0991 0.00310 [oK]
Dimethylfuran

Lab PI: Alleman, NREL

Impact: Boosted SI molecules do not have significant concerns, but have differing

levels of partitioning and biodegradability that decision makers need to be aware of.



3 — Progress

Boosted SI: Compatibility Assessment

Goal: Assess materials compatibility for most promising BSI candidates.

« Completed solubility parameter-based theoretical
predI_Cthn of (_:0mpa_tlb|“ty on 39 BSI fuel Corrosion Potential of Selected Bio-
candidates with six infrastructure elastomers and blendstock Fuel Candidates for Boosted
14 plastics common to fueling infrastructure SERKIgniiey Lngeies

» Finished exposure study on selected BSI
blendstocks and elastomers

« Completed literature review of corrosion potential
for metallic fueling materials

ORNL/TM-2018/1023

-
r~
=]

==1-Propanol

I | =-Diisobutylene

=
o
=]

--Cyclopentanone

Key Findings:

» Solubility analyses showed good correlation
with observed swell (elastomers)

« Blending with E10 produces more swell in
polymers than blending with a BOB

« Cyclopentanone produces significant swelling _ |
in fluoroelastomers, but other Tier 3 I I e e
blendstocks demonstrated good compatibility Coaton oo tertick st el x|

-s-Mixed Furans Predicted Solubility Behavior

3

Percent Volume Change
5] 3

5]

Percent volume change of fluorocarbon elastomer vs.
concentration of blendstock candidates in E10 (main figure), and
Lab PI: Kass, ORNL Hansen solubility prediction (inset). Figure by Michael Kass, ORNL

Impact: BSI blendstocks investigated were not likely to be corrosive—and except

cyclopentanone—exhibited good compatibility with elastomers and plastics.



3 — Progress

Fuel Properties: ASTM Specification

Goal: Develop ASTM International standards for optimal fuels for boosted
spark ignition (BSI), multi-mode ignition (MM), and advanced compression
ignition (ACI) combustion using an understanding of the interaction
between fuel effects and combustion modes.

High research octane number (RON) BSI test fuel specification is the first
outcome of this task:

« Development of specification brought together a wide breadth of stakeholders
« Specification first published in 2017 and updated again in 2018

* Next iteration expected in 2019 to update with specific grades of 100 RON fuel
based on Co-Optima BSI blendstocks

‘ﬂHIP) Designation: D8076 — 18

Standard Specification for
100 Research Octane Number Test Fuel for Automotive

Spark-Ignition Engines’ Lab PI: Alleman, NREL

Impact: Development of 100 RON test fuel specification provides common

baseline fuel for future development efforts. First ever ASTM standard to
include a limit on octane number and use RON and octane sensitivity (S).




3 — Progress

BSI: Reveal Chemistry for Non-Linear Blending Effects

Goal: Understand chemical basis for synergistic
and antagonistic blending for RON.

=
n
|

Furan mixture

i
l

» Blended various synergistic and antagonistic
compounds with a radical generator (heptane)

 Autoignition at 600 Kelvin (K)

» Synergistic compounds shut down low-
temperature autoignition at low blend levels

— —
oW
l I

Ethanol

— —
o i
|
[l
-
D
Q
-
=8
D
3
o
R

Normalized Molar Blending RON
o
I

o
o0

+ Identified potential common fragment in synergistic
compounds that may be responsible for synergistic
blending effects

5.E-04

0.0004

4.E-04 -

3.E-04 -

0.0002

2.E-04 -

1.E-04

PRODUCT MOLE FRACTION

5.86E-06 0
0.E+00 -

Heptane 1% DMF 5% DMF 10% DMF
DMF = dimethyl furan Lab PI: Fioroni, NREL

Impact: Revealing the mechanism of non-linear blending for octane number

will allow design of molecules with desired blending octane behavior.



3-Progress

Mechanistic Understanding of Soot Precursor Formation

Ysl Retro-Diels-
&'1‘2;3?:{:3; Alder kinetic mechanism development
so0t precursor gf,:, (J\ » Developed soot precursor mechanisms to understand
effects of substituents, oxygen atom position, and isomers
o on soot precursor formation
(7;;) — | o
\ 1,3-pentadiene
61.0 .,
@ ©0) Q / @2 ﬁj/
butadiena propene berlxaldehyde
. . . . 119.0 0-Xylene
YSI = yield sooting index, QM = quantum mechanical ©/J\ | 200.0
b) 0.00025 1-phenylethanol & )
Retro-Diels-Alder Products 142.0 OH
0.0002 Styrene @/\
174.0
” 0.00015 ( 2-ethylphenol
E X -CHZ0 120.0
0.0001
OH / Toluene
Wg ©/\/ 171.0 OH
0.00005
2-phenylethanol \
] 207.0
800 850 900 950 1000 1050 1100 1150
Temp (K) Styrene 3-ethylphenol
Lab PIs: Kim, Fioroni, and St. John, NREL ?? 1740 138.0

Impact: Revealing chemical structure effect on soot formation leads to cleaner fuels.

®

» Flow reactor used to validate QM simulations and inform




4 — Relevance @
How Fuel Property Characterization Impacts BETO Goals Q

e : * ADO-E. Co-Development of Fuels & Engines
ddSpeCIfIdCtI)VI\;PPI barrlerst. * At-D. Identifying New Market Opportunities for
sielelieesieto)] o) TRV pirofeltics Bioenergy and Bioproducts

VTO Program BETO Program
Interactions Interactions

Co-Optima

lﬂi
FUEL PROPERTY

I l atai Outputs

Data and

Requirements

Fuel property research identifies critical properties for design of more efficient
engines and relates properties to molecular structure and production pathways.




4 — Relevance @
How Fuel Property Characterization Supports Co-Optima Q

g\

’Co—Optimization of Fuels &
Engines (Co-Optima) = fe][=Tels

FUEL PROPERTY
CHARACTERIZATION

\ Compatibility and toxicology
' o assessment to reduce
Fue.l property database barriers to market adoption.
available to all teams to
support screening efforts

for all combustion modes.

z 15 7 uran mixture
Tier 1 Screening for MCCI CH.O © %1.4 - \F\ t
et et 2 =
o T 13 o
e A;mith Balling Polnt | Heating Value F\;:“;“* 2 P
J\MM ﬁ:: [[cetane Mumier | Frecaspan | vei [ 7 - ©/'\/ '2(3;:1?]“9 ‘% 1 ? | Ethanol \.. T
Tier 2 Screening for MCCI \ = 1'0 Lmearble:dln_g o — -
Na= | | B “ ":j?'“;'mam' # ©) Top ey o
208 e : . . .
Styrene 0 20 40 60 80 100
174.0
Measurement of key fuel Mole % blendstock
properties for tiered screening Mechanistic understanding of soot precursor
to rapidly identify blendstocks formation and underlying chemical basis for non-
with the highest potential. linear blending effects.

Impact: Fuel property research informs multiple teams within Co-Optima.



5 — Future Work @
Select Planned Milestones and Upcoming Decision Points Q

Combustion
Mode

Boosted Sl

Select Fiscal Year (FY) 2019 Milestones Quarter

A.5.5 Complete exposure study on infrastructure plastics with
selected Sl blendstocks (ORNL).

F.1.4.1 Draft journal article explaining the chemical basis for
synergistic and antagonistic blending for RON and S (NREL).

A.5.6 ldentify 5 new compounds or mixtures that improve
Boosted Sl octane sensitivity when blended into BOB or E10. Measure Q3 FY19
RON, MON, and S for each in an E10 and BOB blend (PNNL).

A.4.10 Complete polymer exposure studies on selected MCCI
blendstocks (ORNL).

A.4.9 Complete Hansen solubility analysis on up to 40 MCCI
candidates (ORNL).

A. 5. 1. Identify the blendstock molecular structures or
individual BOB component that leads to the highest
antagonistic blending effect to raise RON and S for MMCI
(LANL).

A.5.9 Quantify the upper limit of moisture tolerance of
BOB/ester blends towards hydrolysis of esters by LCA of
carboxylic acids in the aged-fuel sample with and without
residual acids (PNNL).

Q3 FY19

Boosted S Q2 FY19

MCCI Q4 FY19

MCCI Q2 FY19

MCCI Q4 FY19

Multi-Mode Q3 FY19

FY19 plan will finalize MCCI work and continue MM effort.




5 — Future Work
Upcoming Decision Points and Remaining Issues

Key Activities FUTURE FOCUS
End of FY19 — Determine most FY19 to FY21 — Target MM and KC
promising candidates for MCCI

< '@L'?) QO é‘é ‘o'b(%b:o b& x\*\ 4?0@ %\é‘\\,
%QQQ NN ~o\®bu ,Q“o <° \\\}e <© @e‘,'“\o,bo\c@o @&\8“?0@&
S"°+ o((zf (}«7’0 ,Doe, q)@ \(&« (\bz" 6‘& Oo'z? & &04:\0(\0 ,b(\o \Qfé \d(’ '50\

Tier Criteria | »® q¥ 0 of 08" 6% eod Z PGP o 4075 o3

Cetare |([HHHNNEEEEEEEEEEN
tivimiikg |HHENEEE ENEEEEN

FashPtcC) (AN EENEEEEEEES

MetingPteC) |[HIlINHENENENEEEEEE W

Water sol mg/L) ([l NN NENE EEENEN
vsi EEEE BN FEENEEEE

REMAINING ISSUES
FY19 to FY21 — Determine target values of key fuel
properties and ranges for MM and KC combustion modes

End of FY20 - Select
blendstocks for Tier 3 analysis

KC = kinetically-controlled ignition

Key Activities: Select MCCI blendstocks for Tier 3 screening; identify future targets for MM and KC.
Remaining Issues: How are key fuel properties and target ranges for MM and KC combustion modes defined?




Summary for Fuel Property Characterization

_ Measure key fuel property data to:
Overview  Fill data gaps and support tiered screening and merit evaluation approaches to
advance development of new fuel and combustion options

+ |dentify promising blendstocks through tiered-screening approach

* Measure key fuel properties to fill data gaps and supply information for merit evaluation

Ap proac h « Perform compatibility and toxicology assessment of promising candidates

» Reveal underlying chemistry for non-linear blending effects, validate quantum mechanical
simulations, and inform kinetic mechanism development

» Developed publicly accessible fuel property database

+ Utilized tiered-screening approach to rapidly identify promising blendstocks

. » Measured blending behavior of chemically diverse blendstocks

Technical » Completed initial material compatibility and toxicology assessment on promising candidates

PI’OQ ress « Examined the chemical basis for non-linear blending effects through flow reactor auto-

ignition experiments

» Provided experimental results to validate quantum mechanical simulations for soot pre-

cursor formation

* Implemented technically sound approach for evaluating blendstocks
Relevance + |dentified key blendstocks that enable engines to operate efficiently

+ Complete measurement of key fuel properties for MCCI candidates and facilitate selection of

most promising candidates
+ |dentify key fuel properties for light duty (multi-mode) and heavy duty (kinetically-controlled)

blendstock options
* Apply tiered-screening approach to select promising candidates for multi-mode and

kinetically-controlled combustion modes




List of Acronyms

CO-OPTIMA TEAMS & THRUSTS

« AED - advanced engine development team

« ASSERT - analysis of sustainability, supply, economics, risk, and trade
« BETO - bioenergy technologies office

« COLT - co-optima leadership team

 FP —fuel properties team

«  HPF - high performance fuels team

SAE - society of automotive engineers

 VTO - vehicle technologies office

ENGINE COMBUSTION MODES

« ACI —advanced compression ignition, heavy duty

BSI - boosted spark ignition, light duty

« KC - kinetically-controlled ignition, heavy duty

MCCI - mixing-controlled compression ignition, heavy duty
« MM — multi-mode ignition, light duty

FUEL PROPERTY MEASUREMENTS

« BOB - blendstock for oxygenate blending

+ cBOB - conventional blendstock for oxygenate blending
« RBOB - reformulated blendstock for oxygenate blending
* HoV — heat of vaporization

« LCA - life cycle analysis

* MON — motor octane number

* RON - research octane number

QM - quantum mechanical

« S - octane sensitivity, defined as RON - MON

* YSI -yield sooting index



Additional Slides

27



Responses to Previous Reviewers’ Comments ()

Reviewer comments:

* No guarantee that industry will use information to provide better fuels
 No plan of attack for impetus for industry change

 Lots of calls and meetings

Response:

« These risks are real. To mitigate these risks, Co-Optima has focused on
extensive outreach to communicate the technical foundation we have
developed, so that market actors can act. Our outreach plan includes direct
engagement with biofuel companies at all scales, as well as with automakers
and all parts of the fuel supply chain, including Octane Workshops in 2018,
and a concerted effort to solicit feedback from biofuel companies in 2018
(report is being drafted).

«  We have made an effort to manage the work more efficiently, reducing the
number of meetings across Co-Optima by 1/3, and reduced travel for the
leadership team by another 1/3.



List of Publications and Presentations (1)

FY19 Publications and Presentations

1. Screening of Potential Biomass-Derived Streams as Fuel Blendstocks for Mixing Controlled Compression Ignition
Combustion - Fioroni, G.M., Fouts, L., McCormick, R.L. et al., to be published, SAE Technical Paper No. 2019-01-0730.
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